Darier's disease is a rare autosomal dominantly inherited keratosis.
Family, twin and adoption studies provide a consistent body of evidence implicating genetic factors in the aetiology of affective disorders. 4 Molecular genetic approaches now provide the tools that will allow the identification of susceptibility genes for these diseases, 5 promising findings are emerging but no gene has yet been identified. 4, 6 One potentially fruitful approach is the focus on 'candidate' loci suggested by the cosegregation of a monogenic trait with major affective disorder.
Dariers disease (DD) is a dominantly inherited skin disorder characterised by warty papules and plaques in seborrheic regions, palmo-plantar pits and nail dystophy. 1 The disorder has an estimated prevalence of 1 in 55 000 with a typical age of onset in the second decade. 7 Although penetrance is high the expression of the disease is extremely variable. 1 We have previously reported a family, pedigree 324, in which there was cosegregation of major affective disorder and Darier's disease consistent with linkage between the Darier gene and a susceptibility locus for major affective disorder (max lod = 2.1). 2 The subsequent mapping of this gene to 12q23-24.1 8 stimulated interest in this as a candidate region for genetic studies of affective disorder and there have been a number of reports of linkage between bipolar disorder (BP) and markers in this region with maximum lod scores of 1.65, 9 3.4, 10 2.7, 11 and 4.9.
12,13
The DD gene has recently been identified as the ATP2A2 gene with various missense, frameshift, nonsense and splicing mutations described in families with DD. 3, [14] [15] [16] The gene encodes SERCA2-a sarcoplasmic/endoplasmic reticulum calcium pump that plays a role in intracellular calcium signalling and is therefore a plausible candidate gene for involvement in mood disorder. The possibility that ATP2A2 has pleiotropic effects in DD and BP disorder was supported by our findings of a predominance of missense mutations and a non random clustering of mutations in the 3Ј end of the gene in 10 unrelated DD patients with neuropsychiatric phenotypes.
14 However, two further studies have found neuropsychiatric features to be independent of mutation class. 15, 16 We here report a new Caucasian family of European origin in which DD and major affective disorder occur together in several individuals, illustrated in the pedigree diagram (Figure 1) . The mutation at ATP2A2 in this family is a duplication of exon 2 and flanking sequence (50 bp total size) inserted into intron 1. The members of the pedigree with this mutation are shown in Table 1 . The markers typed were informative in all relevant meioses in parents of individuals with mood disorder and a single haplotype of the three markers was found to co-segregate with affective illness (see Figure 1) .
Two diagnostic models were employed in the linkage analysis: (1) broad-including all members of the pedigree with a diagnosis of affective disorder-ie Table 1 for DSM-IV diagnoses) and can also be seen to share a haplotype of the three markers examined. The haplotype of individual II.3 has been reconstructed from marker data of other members of the pedigree. D = Darier's disease. The structure of the pedigree has been subtly altered to protect confidentiality but not in any way that alters the information provided by the marker study. The mutation is a 50-bp insertion in intron 1 of the ATP2A2 gene. DD = Darier disease, BP I = bipolar I disorder, BP II = bipolar II disorder, SA BP = schizoaffective disorder bipolar type, BP NOS = bipolar disorder not otherwise specified, MDD(R) = major depressive disorder (recurrent), MDD(S) = major depressive disorder (single episode), DEP NOS = depressive disorder not otherwise specified. All other members of the pedigree had no history of psychiatric disorder or skin disease.
Molecular Psychiatry bipolar 1 disorder (BP I), bipolar II disorder (BP II), schizoaffective disorder bipolar type (SABP), bipolar not otherwise specified (BP Nos), major depressive disorder recurrent (MDD(R)), major depressive disorder single episode (MDD(S)), adjustment disorder with depressed mood and Depressive disorder NOS; and (2) a narrow definition including only BPI, BPII, BP NOS, MDD(R) and MDD(S). Non parametric, affecteds only analysis using GENEHUNTER provided evidence for linkage using both narrow (NPL statistic = 9.14, P = 0.0068) and broad (NPL statistic = 13.51, P = 0.0032) definitions of affected.
Maximum evidence in favour of linkage using parametric analysis and the broad diagnostic model was 3.58 at zero recombination fraction assuming complete penetrance and zero phenocopies (max lod = 2.08 with the narrow definition of affected under the same assumptions). Affecteds only analysis with 50% phenocopies gave a max lod of 1.99 at zero recombination fraction under the broad diagnostic model and 1.71 employing the narrow definition of affected.
There is incomplete cosegregation of the DD phenotype and affective disorder but complete cosegregation of markers across the Darier gene with affective illness. The most parsimonious explanation is that the DD mutation arose in the germ line of subject 1.2 resulting in a germ line mosaic. The evidence suggests that the mutation occurred on the chromosome 12 haplotype on which a major susceptibility gene for affective disorder was already located and that this chromosome was subsequently transmitted to the branches of the family segregating both DD and affective illness. The same ancestral maternal chromosome 12, without the DD mutation, has also been transmitted to the one branch of the pedigree without DD but which does segregate affective illness.
Excluding an association arising by chance, there are three possible causes of cosegregation between Darier's disease and affective illness: (1) the affective disorder is an understandable psychological reaction to the presence of chronic skin disease and unrelated to biological susceptibility (the 'reactive' hypothesis); (2) the Darier mutation itself increases vulnerability to affective illness (the 'pleiotropy' hypothesis); or (3) there is genetic linkage between the DD gene and a separate susceptibility gene for affective disorder (the 'linkage' hypothesis). Our finding that individuals segregating the 6-1-5 haplotype but without DD still suffered from major affective disorder provides strong evidence against the hypothesis that BP can occur as the result of pleiotropic effects of mutations in ATP2A2. We have also failed to observe mutations in this gene in a series of bipolar cases without Darier disease. 17 Our data also renders the 'reactive' hypothesis most unlikely and points to the alternative hypothesis of genetic linkage between the DD gene and a separate susceptibility locus for affective disorder.
Pedigree 5501 adds to the accumulating evidence implicating one (or more) susceptibility genes for major affective disorder in the region of the DD gene on chromosome 12. It demonstrates the importance of rare or unusual families to the research effort and provides strong evidence that the Darier causing mutation is not itself the BP susceptibility allele. It is anticipated that further analysis of this family will refine the region of interest and facilitate identification of the BP susceptibility gene in this region.
Methods

Subjects
Following our previous report of the cosegregation of DD and affective disorder 6 we were contacted by a family in which a number of individuals were doubly affected with affective disorder and DD (pedigree 5501- Figure 1 ). Seventeen members of the family were interviewed by IJ using a modified version of the Schedules for Clinical Assessment in Neuropsychiatry (SCAN), 18 a full dermatological history was obtained and the skin examined. Best estimate lifetime diagnoses were made blind to marker information and dermatological diagnosis according to DSM-IV 19 upon the basis of all available information. Dermatological and psychiatric diagnoses of members of the pedigree are listed in Table 1 .
DNA studies
High molecular weight genomic DNA was extracted from whole blood according to routine procedures. PCR amplification of ATP2A2 coding sequence and mutation detection was as previously described 14 but briefly consisted of mutation detection by denaturing high performance liquid chromatography (DHPLC) 20 with samples showing heteroduplexes undergoing radioactive DNA cycle sequencing. Three microsatellite markers-D12S 84, D12S 105 and D12S 1333-were typed using semi-automated fluorescent methodology. Genotyping was performed on 20 ng of DNA in a single PCR reaction. Products were pooled and analysed on an ABI 377 sequencer (Applied Biosystems, Foster City, CA, USA) with GENESCAN (3.1).
Linkage analysis
Non-parametric analysis was carried out using the 'all' option of GENEHUNTER version 1.
21 Two-point parametric linkage analysis was carried out using MLINK subprogram of the LINKAGE package 22 assuming an autosomal dominant susceptibility locus for affective disorder with a disease allele frequency of 0.03 under a range of penetrance vectors.
